The effect of castration on the urinary excretion of a gonadotropin-inhibiting substance was studied in male albino rats. Ovulation induced with PMS and HCC was not inhibited in mice which received a heated extract prepared from the urine of castrated rats, while the ovulation was inhibited in mice given a heated extract from the urine of intact rats. This finding indicates that the excretion of a gonadotropin-inhibitor is strongly suppressed in the urine of the rats which are castrated. Administration of testosterone to the castrated rats exerted no effect on the decreased excretion of the inhibitor.
The effect of castration on the urinary excretion of a gonadotropin-inhibiting substance was studied in male albino rats. Ovulation induced with PMS and HCC was not inhibited in mice which received a heated extract prepared from the urine of castrated rats, while the ovulation was inhibited in mice given a heated extract from the urine of intact rats. This finding indicates that the excretion of a gonadotropin-inhibitor is strongly suppressed in the urine of the rats which are castrated. Administration of testosterone to the castrated rats exerted no effect on the decreased excretion of the inhibitor.
The present observations and the results obtained previously suggest that the pituitary and the testes are involved in the secretion of a gonadotropin-inhibitor from the pineal.
A substance with luteinizing hormoneinhibiting properties was demonstrated in the urine of albino male rats and it was postulated that the pineal gland was a possible secreting organ of the inhibitor . Furthermore, it was suggested that the pituitary may be involved in the secretion of the inhibitor by the fact that ovulation induced with pregnant mare's serum gonadotropin (PMS) and human chorionic gonadotropin (HCG) was partially inhibited in mice receiving a heated extract from the urine of hypophysectomized rats ).
The present study was made to investigate whether the excretion of a gonadotropininhibiting substance (GIS) is changed by castration in male rats and, furthermore, to investigate the effect of testosterone treatment on the excretion of GIS in the castrated male rats. mice of the ICR-JCL strain. As the control, 1.0 I.U. of PMS (Serotropin, Teikoku Zoki Co.) dissolved in 0.3m/ of 0.9% saline solution containing 0.2% bovine serum albumin was injected intraperitoneally at 4:00 p.m., followed by 0.5 I.U. of HCG (HCG-Mochida, Mochida Pharmaceutical Co. Ltd.) dissolved in 0.3m l of 0.9% saline solution containing 0.2 % bovine serum albumin at 2:00p.m. on the third day. As the experimental, 1.0 I.U. of PMS was injected at 4:00 p.m. and 0.5 I.U. of HCG was injected with an extract equivalent to 3 days' urine from one rat at 2:00p.m.
Methods
on the third day. The mice were killed at 9:30-10:00a.m.
on the fourth day and the number of ova recovered from the oviducts was counted. The suppression of ovulation was considered as the evidence of the presence of the inhibitor.
Results
The body weights of the orchiectomized groups with and without testosterone were similar until 14-15 weeks of age, but an in crease of the body weight was slightly higher in the orchiectomized rats received testosterone. Their body weight was lower than that of the normal rats.
There was no difference in urine volume between the intact rats (the average volume per day was 8.0ml and 10.9ml at 10-12 and 12-14 weeks of age, respectively) and the castrated rats treated with testosterone (the average volume per day was 7.5ml and 9.6ml at 10-12 and 12-14 weeks of age, respectively), but the castrated rats treated with olive oil excreted a larger volume of urine (the average volume per day was 12.5ml and 13.1ml at 10-12 and 12-14 weeks of age, respectively). The specific gravity of the urine of the castrated rats treated with olive oil (1.043 at 12-14 weeks of age) showed a lower value than the normal (1.060) and the testosteroneadministered castrated rats (1.056). The pH of the urine of the intact rats (9.40 at 12-14 weeks of age) was almost similar to that of the castrated animals treated with oil (9.05) or with testosterone (9.03).
The weight of the residues obtained by extraction was 7.4mg, 6.8mg and 4.0mg at 14-16 weeks of age in the intact rats and the castrated rats with or without testosterone, respectively. It was noted that the weight of the residue in the castrated rats without the injection of testosterone was significantly lower than that of the intact rats.
The percentage of ovulated mice and the average of ova in the oviducts in the groups received the heated extract from the urine of intact and of castrated rats on the ovulation induced with PMS and HCG are shown in Table1. There was significant inhibition of the ovulation induced with PMS and HCG in the mice received the heated urinary extract of the intact rats as shown a low percentage Table1.
Inhibitory effect of the heated extract from the urine of intact and of castrated rats on the ovulation induced with PMS and HCG in mice These findings indicate that GIS excretion in male rats was strongly suppressed by castration and treatment of testosterone at the dose used in the present study had no effect on the decreased excretion of GIS in the orchiectomized rats.
Discussion
The pineal powder contains, in addition to melatonin, substances which exert antigonadotropic effects (Benson et al., 1971; Soffer et al., 1965; Moszkowska 1965) . The authors have previously found that the urinary excretion of GIS was absent or significantly reduced in the pinealectomized male adult rats . Therefore, the pineal is suggested as a possible secreting organ of GIS. The authors also observed that GIS decreased in the urine of hypophysectomized rats . This finding suggests that the pituitary might be involved in the excretion of GIS and it was proposed that the reason of the decreased excretion of GIS from the pineal might be 1) due to the reduced GIS-secreting function in the pineal caused directly by hypophysectomy or 2) that the need of GIS has disappeared because of the lack of gonadotropins.
The testis produces androgens which exert a negative feedback on the hypothalamicpituitary system, thereby inhibiting secretion of pituitary gonadotropins. This inhibitory feedback is released by castration and thus the production of gonadotropins in the pituitary is increased (Yamamoto et al., 1970) . It was found that, in the castrated male rats, a rapid rise in the plasma LH content during the period 0 to 24hr. occurred and, subsequently, the level rose slowly up to the 20th day at which date a plateau level was reached (Blackwell and Amoss, 1971) . If the hypothesis that the decreased GIS excretion is due to the lack of gonadotropins is correct, then the excretion of GIS should be elvated or at least unchanged in the castrated rats in which the pituitary gonadotropins is supposed to be increased.
However, the findings obtained in the present study indicate that castration resulted in a significant decrease of gonadotropininhibiting effects of the urinary extract of male rats. Clementi et al.(1965) reported that, in castrated female rats, pineal cells contained very high levels of RNA, which would suggest that these cells are active. They also observed the histological picture of depressed function of the pineal cells in the estrogen-treated animals. Fiske et al.(1962) found a slight increase of the pineal weight in the orchiectomized rats as compared to the unoperated rats. The authors have observed in the histological studies that the function of the pineal gland is decreased in hypophysectomized female rats and that a similar but lesser change is induced in ovariectomized rats (Satodate et al., 1970) . However, a relation of the pineal function to GIS has not been studied. Fogel and Soffer (1967) observed that the administration of testosterone to two young men resulted in the complete suppression of the urinary excretion of gonadotropin, while the urinary concentration of GIS remained unaltered and that the administration of a smaller amount of estradiol showed similar effects to that observed with the administration of testosterone. With a larger dose of estradiol, however, the results were quite different. In this case, both the urinary gonadotropin and the inhibitor contents were suppressed.
Although testosterone was given only three times a week in the present study, the dose of testosterone injected was considered to be remarkably higher than the daily endogenous production of testosterone in male rats. Administration of testosterone inhibits the rise of the pituitary and plasma luteinizing hormone levels induced by castration in rats (Bogdanove, 1967) . However, treatment of testosterone at the dose which was employed in the present study had no effect on the restoring of the excretion of GIS.
From the data obtained from the present study, however, no conclusion could be drawn on the mechanism of secretion of GIS. It seems that the pineal secretes GIS and melatonin, the latter being controlled by light (Axelrod et al., 1965; Wurtman et al., 1963) . It was recently found that the excretion of GIS is not affected by blindness in rats . At present, the mechanism of the secretion of GIS is obscure. It would seem that the existence of the pituitary and the testes is necessary for the secretion of GIS from the pineal. The relationship between the pineal and the testes or the pituitary would be quite complicated.
